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本研究的 Lactobacillus rhanmosus ZY 于厌氧条件下培养 24h，其 EPS 产量
最高达 342.8 mg/L，在培养基中添加 3 mM H2O2提升 EPS 的产量至 567 mg/L，
进一步添加 10 mM CaCl2更提升 EPS 的产量至 2,498 mg/L。在 4 个培养条件下：
MRS，3 mM H2O2，10 mM CaCl2，3 mM H2O2 + 10 mM CaCl2，EPS 组成均为杂
多糖，由鼠李糖、果糖、甘露糖和葡萄糖组成，但其相对含量有所差异。在添加
3 mM H2O2 的胞外多糖中，单糖摩尔比例为鼠李糖：甘露糖：果糖 = 1.7: 1.2: 1，
其他条件的 EPS 该摩尔比例则约 = 0.8: 1: 1。本研究也分析了 c-EPS 中各组分的
氨基酸组成比例。将添加 3 mM H2O2时产生的粗胞外多糖经离子交换层析 
(DEAE-Sepharose Fast Flow) 分离得到 EPS-2 和 EPS-3，结合 HPSEC 分析确定分





菌株在 4 个培养条件下可抑制金黄色葡萄球菌 (S. aureus)、大肠杆菌（E. coli）
和脓疮芽孢杆菌(B. cereus)的生长，在添加 H2O2与 CaCl2时抑制效应增强。最后，

















的性能。由 3 mM H2O2培养基中的粗多糖对于氧化损伤 NIH3T3 细胞存活率提高



















Lactic acid bacteria exopolysaccharides (EPS) are extracellular polysaccharides 
which are either associated with the cell surface in the form of capsules or secreted 
into the extracellular environment in the form of slime. Exopolysaccharides are 
important food and drug additives that have beneficial human health effects, including 
antioxidant, anticancer, probiotic, and immune-related activity. However, the usage is 
limited as low yields and the complex culture conditions in lactic acid bacteria. We 
found that hydrogen peroxide combined with calcium would stimulate crude EPS 
(c-EPS) production, as well as the probiotic activity in Lactobacillus rhamnosus ZY. 
In this study, we isolated and identified the purified EPS, investigated its bioactivity, 
molecular structure of EPS. The results are described as follows: 
At first, 3 mM H2O2 addition to MRS increased c-EPS biosynthesis to 567 mg/L 
at 24 h. By addition of 10 mM calcium chloride (CaCl2) and 3 mM H2O2 resulted in 
the highest c-EPS yield at 12 h, i.e., 2,498 mg/L, which was over 9-fold higher than 
that observed for the anaerobic culture. The c-EPS is a hetero-polysaccharide; it was 
mainly composed of fructose, mannose, glucose, and rhamnose at different molar 
ratios depending on culture conditions. The c-EPS was composed of rhamnose, 
mannose and fructose in an approximate molar ratio of 1.7: 1.2: 1.0 at the condition 
with 3 mM H2O2 in MRS; while the c-EPS contained rhamnose, mannose and 
fructose in a molar ratio of approximately 0.8: 1: 1 in other three conditions. The 
c-EPS abtained from 3 mM H2O2 in MRS was further isolated by a DEAE-Sepharose 
Fast Flow ion-exchange chromatography column, and two fractions were obtained as 
EPS-2 and EPS-3, respectively. The molecular weights were approximately 2.5 × 10
6 
and 3.4 × 10
4
. Using the NMR method, we deduced the EPS-2 structure was: 
[-4)-α-Manp-(1→4)-β-Manp-(1→2)-β-Manp-(1→2)-β-Glcp-(1→4)β-Manp-(1→
4)-β-Manp-(1→] 
The original strains showed more hydrophobicitythan that of added H2O2 and 
CaCl2 adapted cells. Antibacterial experiments showed that ZY cultured in the four 
conditions could against to pathogenic bacteria, such as Staphylococcus aureus (S. 
aureus), Escherichia coli（E. coli） and Bacillus cereus (B. cereus). Preliminary in 
















scavenging capacities, and have a notable protective effect against oxidative damage 
in NIH3T3 cells, with a 109.2% increase in cell viability. Our study provides a simple 
and low-cost approach to achieve a high EPS yield and quality via L. rhamnosus. 
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 第一章 研究背景 
1.1 概述  
1.1.1 益生菌与乳酸菌 
益生菌有着悠久的历史。最早的记录表明，人类摄入“馊牛奶”已有两千年









菌 ， 主 要 包 括 嗜 酸 乳 杆 菌 (Lactobacillus acidophilus) 、 粪 链 球 菌
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